Direct effects of aldosterone on cardiomyocytes in the presence of normal and elevated extracellular sodium.
It is now recognized that aldosterone is potentially cardiotoxic, although its local effects in the heart are not well understood. We examined the effects of aldosterone on cultured neonatal rat cardiomyocytes in the presence of normal and elevated extracellular Na+ ([Na+]o). We evaluated the intracellular volume of cardiomyocytes in the presence of normal (141 mEq/liter) and elevated (146 mEq/liter) [Na+]o by measuring cell size. Intracellular Na+ was measured using sodium-binding-benzofuran-isophthalate as a fluorescent sodium indicator, and cardiac hypertrophy was assessed using B-type natriuretic peptide transcription and (3)H-leucine incorporation. Cardiomyocytes shrank in the presence of 146 mEq/liter Na+ due to the increased extracellular osmolarity at early phase. Aldosterone (10(-7) mol/liter) mitigated the shrinkage by stimulating Na+ uptake by the cells. This effect of aldosterone was blocked by SM 20220, a Na+/H+ exchanger 1 (NHE1) inhibitor, but not by eplerenone, a mineralocorticoid receptor blocker. Seventy-two hours of exposure to aldosterone in the presence of 146 mEq/liter Na+ led to increases in cardiomyocyte size, 3H-leucine incorporation, and B-type natriuretic peptide and NHE1 transcription that were significantly greater than were seen in the presence of 141 mEq/liter Na+. All but the last were blocked by either eplerenone or SM 20220; the increase in NHE1 transcription was blocked only by eplerenone. Aldosterone exerts a beneficial effect via NHE1 to block cardiomyocyte shrinkage in the presence of elevated [Na+]o at early phase, but long-time exposure to aldosterone in the presence of elevated [Na+]o leads to cardiomyocyte hypertrophy via genomic effects mediated by the mineralocorticoid receptor.